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EXECUTIVE SUMMARY

I. INTRODUCTION

A. BACKGROUND

In the Spring of 1992, the New York City Department of Health (DOH) was notified by the
New York State Departments of Health and Environmental Conservation that residents of
Staten Island were concerned about a seemingly high incidence of cancer and other illnesses.
Residents feared that the health problems were related to exposures from the two municipal
waste disposal sites on Staten Island, Fresh Kills and Brookfield Avenue.

As a first step in addressing residents' concerns, DOH initiated a descriptive epidemiologic
study of cancer incidence. Cancer was selected because it was one of the most frequently
reported health concerns and because it was the only reported health problem for which

complete surveillance data were readily available (from the NYSDOH Cancer Registry). At
the time this study was initiated, Registry data were complete through the year 1988.

B. OBJECTIVES

1. To determine the absolute burden of selected cancers (i.e.: the exact number of cases)
among residents in an area of 13 census tracts adjacent to the landfills (referred to as the
Study Area) and Staten Island as a whole.

2. To assess the relative burden of these cancers by comparing the incidence in:

a) the Study Area with the incidence in the rest of Staten Island

b) the Study Area with the incidence in a demographically similar area that
was not in proximity to a landfill

c) Staten Island as a whole with the incidence in a demographically similar
area that was not in proximity to a landfill

d) Staten Island to the incidence in the rest of NYC.

3. To evaluate the results of 1 & 2 (above) to determine whether any patterns emerge that
may indicate a need for further investigation or public health measures.

4. To address concerns about cancers which occurred after the period for which complete
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data were available from NYSDOH (post 1988).

It must be emphasized that a descriptive study ¢annot provide conclusive information as to
whether exposures from the landfills may have contributed to cancer incidence or why
people in Staten Island developed cancer. This is partly because:

* There are currently no medical tests to determine the causes of cancer in individuals.

* There was no information available about if, when, what type, or how much exposure
to cancer-causing substances occurred among residents.

* The data used for this study did not contain information about other individual
exposures or risk factors for cancer.

Even though this type of study cannot define or identify the possible role of the landfills in
cancer causation, it is a useful first step in documenting the numbers and types of cancers and
assisting interested parties in prioritizing needs and resources for future cancer research,
education, prevention, or other activities.

This study consisted of two parts. The first part concentrated on cancer incidence from 1979-
1988 (the years for which complete data were available from the New York State Cancer
Registry at the time the study was initiated). The second part verified citizen reports of more
recent cancer cases (1989-1992).

II. CANCER INCIDENCE, 1979 - 1988

A. METHODS

Data on cancer incidence for the years 1979-1988 were provided by the New York State
(NYSDOH) Cancer Registry. Fourteen types of cancer and total cancer incidence were
evaluated for men and women separately. Three types of cancer and total cancer incidence
were evaluated for children. The choice of cancer types studied was guided by consideration
of their frequency in the general population, their possible association with environmental risk
factors, and community concem.

Cancer incidence rates in the Study Area were calculated and compared to rates in the rest of
Staten Island and to rates in a demographically similar neighborhood (the combined Bay
Ridge and Flushing Health Districts). Cancer incidence rates for Staten Island were
calculated and compared to the rates in demographically similar neighborhoods (Bay Ridge
and Flushing) and also to rates in the rest of New York City. Rate ratios (RR) were
calculated for each comparison. Statistical significance of the differences between the rates
was evaluated by calculating 95 percent confidence intervals. Statistical power to detect
differences in rates was also calculated.



B. RESULTS

Absolute Burden

*

The most common types of cancer among men in both the Study Area and on Staten
Island were lung, prostate, and colon cancer. Together these cancers accounted for
over 40% of all cancers among men.

The most common types of cancer among women in the Study Area and on Staten
Island were breast, lung, and colon cancers. These sites accounted for at least 50% of
all cancers among women.

Leukemia was the most common cancer type among children in the Study Area and
on Staten Island.

These cancers are also the most common among men, women, and children in New
York City and New York State.

Relative Burden

In the Study Area:

*

Lung cancer in both men and women was the only type of cancer which was
moderately and statistically significantly elevated in the Study Area compared
to the Bay Ridge and Flushing Health Districts.

Among men and women, no cancers were statistically significantly elevated compared
with the rest of Staten Isiand; 13 out of 14 cancers were not statistically significantly
elevated compared with the Bay Ridge and Flushing Health Districts.

Among children, there were no cancer types that were statistically significantly
elevated compared to either the rest of Staten Island or the combined Bay Ridge and
Flushing area. The RR for lymphoma was moderately elevated, although not
statisticaily significant.

On Staten Island:

*
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Slight to moderate, statistically significant elevations ranging from 12 - 36% were
noted for both men and women in cancers of the lung, bladder and colon, compared to
the rest of NYC. Also, compared with the rest of NYC, the rates of lymphoma and
breast cancer were slightly and statistically significantly higher in women only; the
rate of larynx cancer was statistically elevated in men only.

Slight to moderate, statistically significant elevations, ranging from 10 - 55%, were



noted for both men and women in cancers of the lung and pharynx when compared to
the combined Bay Ridge and Flushing Health Districts. Also, compared with Bay
Ridge and Flushing, the rate of larynx cancer was statistically elevated among men
and the rate of colon cancer was slightly and significantly elevated in women.

* The incidence rates of 11 out of 14 types of cancer in both men and women
were not statistically elevated, compared with the Bay Ridge and Flushing
Health Districts.

. The incidence rates of 10 out of 14 types of cancer in men and 9 out of 14 types of
cancer in women were not statistically elevated compared with the rest of NYC.

& The following cancers ranked among the top 6 out of 30 health districts (top
one-fifth or 20%) in the City: Colon (#2 in men and women), lung (#2 in men
and #4 in women), bladder (#1 in men and #2 in women), NErvous system
(#4 in men and #6 in women), breast (#4 in women), lymphoma (#5 in
women), and larynx (#6 in men and women).

5 Cancer incidence ranked in the middle or lower third for 9 of 14 sites among men and
6 of 14 sites among women.

. Stomach cancer ranked among the bottom 20% of Health Districts in NYC (#29 in
men and #27 in women).

* When compared to Bay Ridge/Flushing and to the rest of NYC, children had lower
rates of cancer. There were no cancer types for which the incidence rates were
significantly elevated compared to the two areas.

* Childhood cancers ranked in the middle (#15) or lower third for each of the childhood
cancers evaluated and for total cancers combined. The Staten Island rate was lowe
than the NYC average rate for each type of cancer.

III. CASE VERIFICATION, 1989 - 1992

A. METHODS

In order to address concerns about the reportedly high incidence of cancers which occurred
after 1988, NYCDOH solicited information and assistance from residents, local community
organizations, and elected officials. Cases of cancer were reported to NYCDOH during 1992
and 1993 through a variety of methods. A local community organization (Wish is Granted)
compiled information, primarily on childhood cancers, and forwarded it to DOH. A local
newspaper (Staten Island Advance) ran a notice requesting residents to contact NYCDOH.
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Finally, NYCDOH reached out to local community boards and elected officials, asking their
constituents to report cases to NYCDOH.

Reported cases were verified through hospital records, the NYSDOH Cancer Registry, and the
NYCDOH Division of Vital Statistics. Expected numbers of cases were calculated based on
the overall NYC and NYS rates during the same years as cases were diagnosed.

B. RESULTS

A total of 379 cases were reported to NYCDOH via the methods described above. Of these,
138 were verified as cancer cases, diagnosed after 1988. The remaining cases were either
diagnosed before 1989 (140 cases); were diseases other than cancer (55 cases); or, after
repeated follow-up, could not be verified because of insufficient information (46 cases).

The majority (57%) of verified cases lived within the vicinity of the landfills. Verified cases
were only a fraction of the number of cases expected during this time period based on
prevailing NYC or NYS cancer rates.

IV. DISCUSSION AND CONCLUSIONS

This study represents the Department of Health's first step in evaluating citizens concerns
about cancer in the neighborhoods surrounding the Brookfield and Fresh Kills landfills.
Specifically the purpose was to assess patterns of cancer by examining: 1) the absolute
burden of cancer, i.e: how many cases of each type of cancer occurred; 2) the relative
burden of cancer, i.e.. whether there was a higher incidence of cancers in the areas around
the Landfiils and/or on Staten Island compared with other parts of NYC and whether noted
increases were statistically significant; and 3) whether the patterns were consistent across
different subgroups-in the population (such-as men and women); and 4) whether othe
investigators have noted similar results. These factors, can help to provide a picture of the
burden of cancer on the community and be used to help determine where further health
research, education, medical, or prevention efforts should be focussed.

The results of this study show that the types of cancer with the greatest absolute burden on
New Yorkers also have the greatest burden on Staten Islanders: lung and colon cancers
among men and women, breast cancer among women, prostate cancer among men, and
leukemia among children.

The findings do not provide any consistent evidence of an elevation in cancer incidence in the
Study Area. There was consistent evidence to support a slight to moderate elevation in lung
cancer and, to a lesser extent, colon, bladder, pharynx and larynx cancers on Staten Island as
a whole. These findings provide support for the view that the elevations noted, particularly
for lung cancer, were probably not due to normal fluctuation in cancer incidence rates, but
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indicate truly higher rates of certain cancers. Further evidence is provided by previous
investigations that have also noted a higher rate of lung cancer incidence or mortality on
Staten Island .>%” At the same time, the data provide no direct clues as to why these
elevations occurred.

It must be noted that there are several limitations that make it difficult to draw conclusions

with 100% certainty about whether the incidence of certain types of cancer on Staten Island is
truly elevated and if so, whether it is possible that the increase could be due to environmental
exposures from the landfills or from other sources. These limitations are briefly noted below:

a) Absence of Strong Increases in Cancer Rates: Although certain cancers were
significantly elevated on Staten Island, the magnitude of the increase was generally slight to
moderate. Many studies of cancer near hazardous waste sites have been unable to show a
relationship even with large relative risks (that is effects greater than a doubling or tripling).
In no case did the cancer rate even approach a doubling compared with other areas in NYC.
Slight to moderate increases are often difficult to interpret because there is no way to know
whether they represent an actual increase or random variation between different
neighborhoods.

b) Lack of Direct Environmental Exposure Data: No direct information on actual
exposures from the landfill or other sources was available. Without knowing what
substances were present in the environment, and the amount to which individuals were
actually exposed, it is difficult, if not impossible, to make a link between cancer incidence
and environmental exposures.

¢) Latency: In adults, cancers may take, on average, more than 20 years to develop from
the time a person is first exposed to a cancer-causing substance. Conseguently, to prove a
link between environmental exposures on Staten Island and cancer, it would be necessary to
document that persons were living on Staten Island and sufficiently exposed many years ago.

he 1ssue of latency 1s particularly relevant where the Brookfield Landfill is concerned.
Toxic dumping was alleged to have taken place at Brookfield during the late 1970's, the
cancer incidence data were evaluated for 1979-1988. Given this scenario, it would appear
that there was an insufficient amount of time for cancers to develop as a consequence of
possible toxic exposures from this landfill.

d) Migration and Population Growth: Exposure and latency are further complicated by
migration. No information was available regarding the length of time people lived in Staten
Isle:.i. Theoretically, it is possible that some people were exposed to carcinogens elsewhere
and moved to Staten Island only to develop cancer shortly thereafter. This issue is
particularly relevant to the Study Area, where there was recently very rapid population
growth.

e) Competing Risk Factors for Cancer: Cancer can be caused by many different agents--
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chemical exposures, lifestyle factors, or genetic factors acting alone or in concert. For lung
cancer, the major known risk factor is cigarette smoking; for colon cancer, dietary factors are
thought to play a role; for breast cancer, the major known risk is genetic (family history).
Unfortunately, no data on any risk factors were available for this study, and so it is difficult
to evaluate the possible role that environmental vs. other {(eg. lifestyle and genetic) factors
may have played in cancer incidence.

V. RECOMMENDATIONS

The NYSDOH and SAC have reviewed previous drafts of this report (see appendices 1 and
10). Based on the findings of this investigation, the New York City Department of Health, in
consultation with its scientific advisory committee makes the following recommendations:

1. Continue evaluation of more recent (post 1988) incidence of selected cancers in the
Study Area: Although the results of this study showed that the incidence of cancer during the
10 year period from 1979-1988 was not statistically elevated, the follow-up period after
possible exposure from illegal dumping (late in the 1970's) may not have been long enough
for some cancers to develop. Therefore, it is recommended that the incidence of more recent
(post 1988) cancers continue to be evaluated. It is further recommended that such analyses
focus on childhood cancers' (since this was a predominant community concemn) and on those
adult cancers for which a moderate (although non-statistically significant) elevation was
observed in the Study Area (i.e. kidney in men; leukemia and lymphoma in women) .
Because of the relatively small number of cases which occur within a single year, and the
subsequent difficulties this poses for conducting meaningful statistical analyses, such analyses
should only be conducted when at least four or five years worth of additional data are
available (eg. 1989-1992). More recent data should be compared with data from the
previous period to evaluate time trends.

2. Convene a panel of experts in cancer epidemiology to review this study and other
available literature to determine whether or not an analytic epidemiologic study would provide
valuable information as to the possible causes of elevated cancer incidence rates on Staten
Island (lung, and possibly bladder, colon, larynx and pharynx cancers). Although the
incidence of several types of cancer among residents of Staten Island was statistically
significantly elevated (lung and to a lesser extent bladder, colon, larynx and pharynx
cancers), this study does not provide direct clues as to why these increases occurred. In its
deliberations, the panel should carefully consider such issues as: the magnitude of elevations
in the above-mentioned cancers {10-55%); racial and ethnic differences in cancer patterns;
the role of cigarette smoking; and the best way to obtain accurate information on possible
environmental and occupational exposures. Should the panel decide that further study is
necessary, they should determine the appropriate scope, and assist in the design, of such a
study. The panel should also assist in the identification of potential sources of funding for
such a study.
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L_INTRODUCTION
A. BACKGROUND

In the spring of 1992, the New York City Department of Health (DOH) was notified by the
New York State Department of Environmental Conservation (DEC) and New York State
Department of Health (NYSDOH) that residents of Staten Island believed there was a
seemingly high incidence of cancer and other conditions among resident children and adults.
Residents believed these conditions were due to possible exposures from the two municipal
landfills on Staten Island, the Fresh Kills and Brookfield Avenue Landfills.

The Brookfield Avenue Landfill was operated by the New York City Department of
Sanitation (DOS) from 1966 until it was closed in 1980. Itis bounded on the north by
Richmond Creek, on the East by Colonial Square Condominium Properties, on the south by
Arthur Kill Road and on the West by Richmond Avenue. The Brookfield Avenue Landfill
had a total area of 272 acres, however, only 150 acres of the Landfill received refuse.
Brookfield Avenue Landfill had an average daily disposal capacity of 1,200 tons of municipal
waste. In May of 1982, a driver/dispatcher for the Hudson Oil Refining Company, testifying
before a senate committee on crime, reported that between 1974 and 1980, waste oil, sludges,
metal plating wastes, lacquers and solvents were illegally disposed of at several New York
City landfills, including Brookfield Avenue. During subsequent court proceedings, the
probable contaminants were identified as cyanide, dichlorobenzene, dioctylphthalate,
naphthalene, ethyl benzene, toluene, xylene, and alkyl phenol. The exact types, quantities and
locations of the wastes were not known. However, among those landfills that were reported to
have received chemical wastes, the Brookfield Avenue Landfill was alleged to be the primary
disposal point.' There is no further information available about other illegal dumping at the
landfill, so it is unknown whether toxic dumping occurred at other times. Subsequently, the
Brookfield Avenue Landfill was classified as an inactive hazardous waste site by DEC. Itis
currently undergoing a remedial-investigation by the New York City Department of
Environmental Protection (DEP).

Across Richmond Avenue, to the west, is the Fresh Kills Landfill. Fresh Kills is also owned
and operated by DOS. The landfill began accepting waste in 1948 and has been in
continuous use since then. Fresh Kills Landfill accepts mixed solid waste, the majority of
which is residential. It is the only active landfill in New York City and is in operation 24
hours a day, six days a week. Currently, Fresh Kills receives about 13,000 tons of refuse by
barge and 1500 tons by truck daily.?



B. STUDY DEVELOPMENT

In response to concerns about childhood and adult cancer and other conditions around the
landfills on Staten Island, DOH met with members of the public, elected officials,
representatives from state and federal environmental and public health agencies and members
of the medical and scientific community in September 1992. At this meeting, several
suggestions were made as to possible health outcomes the DOH could study. Among these
were studies of cancer, birth outcomes, and respiratory diseases.

In considering the various health outcomes for study, sources of health data were evaluated
for data quality. For example, data on birth defects, reported on birth certificates and
collected by DOH, is not considered of adequate quality since reporting is not complete. In
part, this is because many birth defects are not recognized at birth, and therefore not reported
on birth certificates. Consequently, the database is not comprehensive. NYSDOH reported
the information they collected on birth defects is also incomplete because many defects go
unreported. NYSDOH also explained that no surveillance database exists for studying the
incidence of respiratory diseases other than respiratory cancers. Among the health issues of
concern, cancer incidence data from the NYSDOH cancer registry was the only
comprehensive data base of illnesses available.

Meeting participants acknowledged that, while there were still other health issues of interest
among Staten Island residents, cancer among children and adults living near the landfills was
a major health concern for which there was a comprehensive database of reported cases and
that, as a first step to addressing health concems among Staten Island residents, the NYSDOH
Cancer Registry data should be analyzed to determine if residents around the Brookfield and
Fresh Kills Landfills experienced an elevated rate of cancer. Since cancer information for
Staten Island was available and residents living in other areas of Staten Island had expressed
concern about cancer, this study also examined cancer incidence in Staten Island as a whole.

Unfortunately, there are currently no medical or scientific tests to determine why an
individual develops cancer. In the absence of such information, epidemiology is one of the
main tools available for evaluating disease in human populations. Meeting participants agreed
that an epidemiologic assessment was the best approach to the question of whether there was
an elevated rate of cancer near the landfills and/or in the rest of Staten Island.

The Staten Island Cancer Incidence Study is a descriptive epidemiologic study. This study
type is generally the first step of an epidemiologic investigation. It is designed to provide
information on the specific types and amounts of cancer which occurred among residents in
the communities around the landfills and in residents of Staten Island as a whole. The results
of this investigation can be used to determine how many cases of cancer occurred in the
neighborhood near the landfills and in the rest of Staten Island. They can also be used to
determine whether residents in either area experienced a higher or lower incidence of cancer
than residents of other areas. The results of this investigation can be used to guide in the



formulation of public health policy, interventions, or further research questions that would be
part of a subsequent investigation. Because of their many limitations (a detailed overview of
the limitations is provided in the discussion), a descriptive investigation such as this one
cannot answer questions pertaining to what caused a cancer or why a particular individual or
group of individuals developed a specific type of cancer.

Meeting participants acknowledged at the outset that a descriptive study could not prove or
disprove the possible role the landfills played in cancer causation--indeed, participants noted
that many similar investigations of cancer incidence among people living near landfills or
hazardous waste sites, including studies of Love Canal *, have failed to provide strong and
consistent evidence of a high risk for cancer. However, they also acknowledged that a
descriptive investigation of cancer incidence was a necessary first step to confirm or alleviate
citizen concemns about the occurrence of excess cancer in the community. A descriptive
investigation was also a necessary to generate theories or hypotheses about possible causes of
cancer that might be tested in future studies.

To provide guidance and oversight for the study, a Scientific Advisory Committee (SAC) was
formed. Nominations to the SAC were solicited from community organizations, elected
officials, universities and medical societies. Members of the SAC were selected based on
their experience and expertise in the fields of environmental health, epidemiology and
medicine. Selection of the SAC members was completed in early 1993 (a list of the SAC
members is presented in Appendix 1). The specific role of the SAC was to review the
proposed study methodology, review drafts of the study findings, and to make
recommendations regarding the interpretation of data and further actions. The SAC reviewed
and commented on several drafts of the proposed study methodology and the study findings
and were instrumental in helping to formulate the recommendations for further study.
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C. OBJECTIVES

The Staten Island Cancer Incidence Study was designed to satisfy the following objectives:

1.

o

Determine the absolute burden of cancer among child and adult residents of the
census tracts near the Fresh Kills and Brookfield Avenue Landfills and in Staten
Island as a whole by documenting the exact number of and specific types of cancer
(the "cancer incidence") during the period 1979-1988. This was the most recent time
period for which complete data were available when the study was initiated.

Assess the relative burden of cancer in both the landfill neighborhoods and Staten
Island as a whole to determine if cancer incidence was higher or lower in either area
by:

a) Comparing the incidence of cancer in the landfill area with cancer incidence
in the rest of Staten Island.

b) comparing the incidence of cancer in the landfill area with cancer incidence
in an area demographically similar to Staten Island that was not in proximity to
a landfill.

¢) comparing the incidence of cancer in Staten Island as a whole with cancer
incidence in an area demographically similar to Staten Island that was not in

proximity to a landfill.
d) comparing the incidence of cancer in Staten Island to cancer incidence in the

rest of NYC.

Evaluate the results of 1 & 2 (above) to determine whether any patterns emerge that
may trigger a need for further public health interventions or investigations.

Address community concerns about cancers-that occurred after the period for which
complete data are available at the time the study was initiated (1989 to 1992).

Provide information to the public about other epidemiological studies that examined
cancer among residents near waste sites.

Provide the public, government officials and agencies, and other researchers with
information about the occurrence of cancer on Staten Island that could be used as a
basis for further research and/or policy development.



II. CANCER INCIDENCE 1979-1988

A. METHODS

1. Study Population and Geographic Area

a. Staten Island Populations

This investigation evaluated the incidence of cancer in an area comprising 13 census tracts
(based on the 1990 census) that surround the Fresh Kills and Brookfield Avenue Landfills
(hereafter called the "Study Area") and on Staten Island as a whole. The Study Area is
shown in figure 1. This area was selected in consultation with concerned residents.

b. Comparison Populations

The three areas selected for comparison were: 1) Staten Island minus the Study Area, 2) the
combined population of the Bay Ridge, Brooklyn and Flushing, Queens Health Districts and
3) The rest of New York City (excluding Staten Island).

The Bay Ridge and Flushing Health Districts were selected because, in combination, they
were demographically similar to Staten Island with regard to race and income distribution. In
addition, they were not communities where a landfill had been operated. These areas are
shown in figure 2.

2. Sources of Data
a. Cancer Incidence Data

The DOH obtained cancer incidence data (that is, reports of new cases of cancer) from the
New York State Department of Health (NYSDOH) Cancer Registry. All medical facilities in
New York State are legally required to report new cases of cancer to the Registry.
Additionally, the NYSDOH Cancer Registry has reporting agreements with many other states,
including Florida, New Jersey and Connecticut. Thus, if a resident of New York State was
diagnosed with cancer in another state he/she would still be included in the NYSDOH Cancer
Registry file. Surveys conducted by the NYSDOH's Bureau of Chronic Disease
Epidemiology and Surveillance have concluded that cancer reporting for NYC is more than
90 percent complete®.

Information was obtained for all new cases of cancer that were diagnosed in residents of
Staten Island and the rest of NYC during the ten year period between 1979-1988. At the time
this study was initiated, this was the most recent period for which cancer reporting was
considered complete for analysis of small geographic areas (ie: census tracts).

The Registry continually receives reports of new cancer cases and therefore continually



FIGURE 1
STATEN ISLAND CANCER INCIDENCE STUDY

STUDY AREA MAP»

* 1980 census tracts (with 1990 subdivisions)
146.1, 146.2, 170.01 (170.03, 170.04), 170.02, 208.01, 273.01,
273.02, 2774277.01, 277.02), 279, 291 (291.01, 291.02) around
Fresh Kills and Brookfield Landfills in Staten Island (health Center
Distnct Richmond). Dashed lines indicate subdivisions of census
tracts in 1990
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FIGURE 2
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updates the data base. Generally, it takes 2-4 years for all reports of cancer during a given
year to be filed, verified and computerized. After this process is complete, additional steps
must be taken to add information such as census tract, borough, and health district for each
reported cancer case so that analyses, such as those conducted for this study, can be carried
out.

For each cancer case the following information was obtained: age, sex, census tract and health
district at time of diagnosis, and type of cancer diagnosis. Cancer incidence data are
normally coded for race (White, Black, Other) and Hispanic origin. Complete information on
Hispanic origin was not reported to the NYSDOH Cancer Registry for more than 40% of
NYC cancer cases, therefore, race/ethnicity information (which may relate to lifestyle or
genetic risk factors) was not included in the analyses for this report.

Information about more recent (> 1988) cancer cases was obtained through neighborhood and
community reporting of individual cases to DOH.

b. Demographic Data

Demographic data, including population size, age, sex, race, and income for all areas were
provided by the New York City Department of City Planning and obtained from the 1980 and
1990 US Census.

3. Selection of Cancer Sites for Analysis

In this investigation, DOH evaluated the incidence of 14 different types of cancer in adults
and 3 different childhood cancers. Particular cancer sites were selected for two reasons: 1)
residents were concerned that there may have been an unusually high incidence; and/or 2)
these cancers have been shown to be related to environmental exposures (although they may
be caused by other
factors as well).
Information on risk
factors for different

B )

pharynx/ (ICD* 140-149) prostate {ICD 185) .
oral cavity bladder (ICD 188) prfs d°£ cqncers lfi‘
stomach (CD 151) kidney (ICD 189) included 1n appendix
colon (CD 153) CNS** (ICD 190-192) 2. The rates of the
liver (ICD 155) lymphoma v (ICD 200-202) following types of
pancreas (aCD 157 mult. myeloma (ICD 203) cancer were analyzed
larynx (icD 161) leukemiasy’  (ICD 204-208) for adults and
lung (ICD 162) .
female breast  (ICD 174) totah/ (ICD 140-208) children:
* ICD = international classification of diseases In this in}restigation
** CNS = central nervous system (including brain) cancers we have included an
those cancers indicated by a" V" were also evaluated in children assessment of total
cancer incidence.
From an



epidemiologic perspective, total cancer incidence is not considered useful for identifying
patterns of disease or causes of disease. This is because total cancer incidence relies on the
underlying frequencies of specific cancer types. For example, an elevation of a relatively
common cancer like lung or breast cancer will have a large impact on the total cancer
incidence rate. An elevation of a rarer form of cancer, like kidney cancer may have no impact
on the total cancer incidence rate. Total cancer incidence was included here because of
community interest, however, total cancer incidence should not be used when drawing
conclusions about cancer incidence patterns or cancer risk either in the Study Area or on
Staten Island as a whole.

4. Analvsis

a. Description of Cancer Cases

As noted previously, the first objective in evaluating the occurrence of cancer in the Study
Area and in Staten Island as a whole was to document the absolute burden of cancer, that is:
Whe was getting cancer? When did cancer cases occur? Where did the cancer cases live?
What type and_how many cancers occurred?

b. Comparison of Cancer Incidence in Staten Island and Study Area with Other Areas

To evaluate whether cancer incidence was unusual (i.e.: the relative burden) in these areas,
four (4) comparisons were made.

1. Cancer incidence in the Study Area compared with cancer incidence in the rest of
Staten Island.

2. Cancer incidence in the Study Area compared with cancer incidence in the Bay
Ridge and Flushing Health Districts

3. Cancer incidence in Staten Island as a whole compared to the Bay Ridge and
Flushing Health Center Districts.

4. Cancer incidence in Staten Island as a whole compared with cancer incidence in the
rest of New York City

c. Evaluating the Patterns of Results

Taken individually, each of the comparisons (above) allow us to assess the relative burden of
cancer--either in the Study Area or in Staten Island as a whole. Taken together, they allow
for a more comprehensive assessment of the patterns of cancer on Staten Island, as well as
for an assessment of the consistency of the findings. Both of these factors, that is: the
pattern of findings and how well the findings of the individual analyses correspond to each



other (the consistency), contribute to the interpretation of the results and provide evidence for
determining whether the findings support a need for further investigation, other public health
interventions, or both.

For example, comparing the Study Area with the rest of Staten Island will help to establish
whether the pattern of cancer in Staten Island is consistent with possible landfill exposures.

A pattern in which cancer incidence in the Study Area was higher than in the rest of Staten
Island and higher than in the Bay Ridge/Flushing comparison area would not prove that
landfill exposures were responsible for the elevations. However, such a pattern would suggest
a possible need for further analysis. Comparing both the Study Area and the rest of Staten
Island to the Bay Ridge/Flushing health districts allows for a comparison of whether the
patterns of cancer are similar in each area of concemn—indicating that a cancer "problem" may
be Island-wide. In addition, it is well established that cancer rates vary by socio-demographic
factors such as income and race/ethnicity. These comparisons help to factor out some of the
demographic influences on cancer risk since the Bay Ridge/Flushing area is demographically
similar to Staten Island, while the rest of New York City (as a whole) is quite different.
Previous investigators have noted elevations of specific cancers on Staten Island as compared
to the rest of NYC*®”, the comparison of Staten Island to the rest of NYC will indicate
whether this trend is continuing.

d. Calculation of Cancer Incidence Rates and Rate Ratios

Ten year cumulative cancer incidence rates (the number of new cases of cancer during the ten
years from 1979 to 1988 in an area divided by the population in the same area) were
calculated for the Staten Island populations and the populations in the comparison area.
Computation of confidence intervals and power analysis (discussed below and explained in
detail in appendix 3) are based on these cumulative rates. Average annual incidence rates
(cumulative rates divided by 10) were also calculated and are presented in tables
accompanying this report.

Accurate calculation of cancer-incidence rates depends on the accurate determination of both
the number of people who developed cancer and the total number of people in the population
during the same time period. The population in Staten Island and the population in the Study
Area experienced an overall growth of 8% and 31% respectively during the decade of 1980 to
1990. The populations in the comparison areas also grew during the decade, but not to the
same extent. Consequently, use of the 1990 or 1980 population data to calculate the cancer
incidence rates would result in either an underestimate of the true rates (using 1990) or an
overestimate of the cancer rates (using 1980), particularly in the Study Area. Therefore the
“average" population was approximated by estimating the 1984 population (the midpoint of
the study time period). This average population was used to calculate the 10 year cumulative
and average annual cancer incidence rates. Since it was not possible to determine precisely
when the growth in different areas occurred, the 1984 average population was estimated using
simple linear interpolation. Linear interpolation assumes that the changes in the size of the
population happened at a constant rate over the 10 year time period. Population change and
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demographic characteristics are presented in appendix 4.

Cancer rates were calculated separately for children (< 14 years old) and adults. In adults,
cancer incidence rates vary with age. To take into account differing age structures of the
populations the adult cancer incidence rates for males and females were directly age adjusted
to the 1980 New York City population. Eight age groups were used to age adjust the adult
cancer rates (15-24, 25-34, 35-44, 45-54, 55-64, 65-74, 75-84, 85+). Similarly, cancer rates
are influenced by other socio-demographic variables (such as race/ethnicity or socio-economic
status).  Failure to consider the differing racial/socio-economic conditions of different areas
can cause cancer rates in one area to be comparatively high or low. As noted previously, the
cancer incidence data used in this investigation are missing more than 40% of the coding for
Hispanic origin. Consequently, it was not possible to race adjust. The primary analyses in
this study (the Study Area compared to the rest of Staten Island and the Study Area and
Staten Island as a whole compared to the combined Bay Ridge/Flushing Health Districts)
were devised to deal with this issue: Since these areas are very similar with regards to
race/ethnicity, the impact of race/ethnicity in any differences in cancer rates should be small.
In other analyses (Staten Island compared to the Rest of NYC and the Ranking of the 30
NYC Health Districts) it was not possible to adjust for race/ethnicity. Because NYC as a
whole and several of the individual Health Districts are very different with regards to
racial/ethnic makeup, these analyses should be interpreted with caution. The relationship of
race/ethnicity to cancer incidence rates will be addressed more fully in the discussion. Age
adjustment and the issues of race adjustment in this study are also discussed in appendix 3.

Rate ratios (RR's) for all cancer types were computed by dividing the adjusted rates in Staten
Island and in the Study Area by the adjusted rates in the corresponding comparison areas.
The RR shows how the cancer incidence rate in one area compares to the rate in a
comparison area.  The RR is interpreted as follows: a RR close to 1.00 shows that the
Study Area has about the same cancer incidence rate as a comparison area. A ratio over 1.00
means that the Study Area has a higher incidence rate than the comparison area. Similarly, a
ratio less than 1.00_indicates that the Study Area rate is less than the comparison area's
incidence rate. For example, a RR of 1.25 means that the area under investigation has a 25%
higher cancer incidence rate than the comparison area. A RR of 0.80 means the Study Area
has cancer rate 20% lower than the comparison area.

e. Significance Testing and Power Calculations

The statistical significance of each RR was evaluated with 95% confidence intervals.
Confidence intervals for the RR's were calculated based on ten-year cumulative rates using a
formula presented by Flanders’. If the 95% confidence interval contains the value of 1.00
within it, then the RR is not statistically significant and may be due to random variation.
However, if the value of 1.00 is not contained within the interval then the RR is said to be
statistically significant. A complete discussion of the interpretation of 95% confidence
intervals is presented in appendix 3.
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A counterpart to statistical significance testing is power analysis. Power refers to the ability
to observe an effect of a given magnitude--in this study the size of the RR--as statistically
significant. Like statistical significance testing, power is influenced by many factors, most
importantly: the size of the population being studied, the number of cases, and the size of the
RR. In general, 80% is considered adequate power and larger sample sizes and/or large
effects (high RR's) will have adequate power.

Power analysis was performed for each set of analyses to determine whether there was
adequate statistical power to recognize a true statistical difference in the rates of the Study
Areas and the comparison areas. Power was determined using a computer generated model
based on "Monte Carlo" simulation and standard power formulas’. A complete discussion of
the interpretation of power is presented in appendix 3.
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B. RESULTS

The results of this investigation will be presented in three (3) sections. The first section will
describe the findings for the analyses of cancer incidence from 1979-1988 in the Study Area.
The following section will present the findings of these analyses of Staten Island as a whole.
The third section will describe the findings of the case verification for more recent cases of
cancer. Throughout each section, in addition to an indication as to whether the RR 's were
statistically significantly elevated, the following terms will be used to describe the magnitude
of the RR: "similar to 1.00" indicates RR's that are between 0.95-1.05, "slightly”" elevated
indicates RR's that are between 1.06 and 1.24, and "moderately" elevated refers to RR's that
are greater than or equal to 1.25. These categories were selected to simplify the presentation
of the results for the reader.

The age adjusted cancer rate ratios (RR's) for each set of comparisons are summarized in
tables 1-3 (pages 21-23). The summary results are presented in separate tables for adult
males (table 1), adult females (table 2) and children (table 3). Across all areas, RR's for men
ranged from 0.50 - 1.55 , for women the RR's ranged from 0.48 -- 1.58 and for children the
RR's ranged from 0.67 --1.38. There were no cases where a very large elevations in cancer
rates was noted (i.e.: a doubling (or more) of the cancer rates; RR of greater than 2.0)

Appendix 5 (pages 63-73) presents the results in more detail. Again, they are presented in
separate tables for adult men, adult women, and children. This appendix presents the number
of cancer cases that occurred in each area for each cancer type investigated, the average
annual age-adjusted incidence rates for each area, the RR and the 95% confidence interval for
the RR.

Appendix 6 (pages 74-77) presents patterns of the rate ratios (RR's) for each area comparison.
This appendix also present the results of the power analyses.

1. Cancer Incidence in the Study Area

Absolute Burden

The most common types of cancer, contributing the most to the absolute burden of cancer
among men in the Study Area, were lung (221 cases), prostate (128 cases), and colon cancer
(116 cases). Together these cancers accounted for 43% of all cancers in the Study Area.
Among women, the most common types of cancer were breast (340 cases), lung (126 cases),
and colon cancer (112 cases). These cancers accounted for 52% of all cancers among
women. Leukemia (7 cases) was the most common cancer type among children. This types
are also the most common in Staten Island as a whole, New York City, and New York State.
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